In this paper we report a method to determine tensile strengths and Young's modulus of cubic biaxial textured metal tapes used as substrate materials for coated conductors (CC). Simplicity, rapidity and reproducibility of the procedure are important for the evaluation of continuous in-house productions. Our approach is based on the EN 10002-1 B tensile test method. A key role for satisfactory results is the sample preparation of 100 -250 µm thick tapes, which will be described in detail. 
Introduction
The second generation of high temperature superconducting (HTSC) tapes is based on coated conductor technology. Cube textured Ni and Ni alloys prepared by the RABiTS (Rolling Assisted Biaxial Textured Substrates) method [1] are widely used substrates for coated conductors. High purity nickel and Ni alloyed with refractory metals (Cr, Mo, W, Nb and Ta) were investigated in this study [2] . Substrate properties such as texture sharpness, mechanical and thermal stability, magnetic behavior and solution hardening were studied [3, 4] . The most commonly used substrates for coated conductors prepared by the RABiTS method are pure nickel, or nickel alloyed with 3 at.% tungsten [5] or Ni with 5 at. % tungsten [6] [7] [8] [9] .
Biaxial textured constantan (CuNi) alloys were also investigated as substrates for YBa 2 Cu 3 O 7-x coated conductors [10] [11] [12] . Those CuNi alloys have lower saturation magnetization than Ni with 5 at.% W, and higher yield strengths than pure Ni substrates. Lower texturability compared to pure Ni and Cu substrates reduces their suitability as starting material for CC.
Possible application of copper substrates for HTSC tapes was investigated from several groups [13, 14] . Non-ferromagnetic Cu strips show lower ferromagnetic hysteresis losses compared to Ni [15] . Remarkable are also the lower material costs. The disadvantages of accelerated Cu applications in this field are the higher oxidation sensibility and the weaker mechanical properties. One approach to eliminate the drawbacks and focus on the assets are the electrolytic deposition of thin textured Ni layer on the {001} <100> Cu substrates [16] .
C.V. Varanasi et al. [17] determined yield strengths of biaxial textured metallic substrates based on a method, ASTM D3379, which provides reproducible results. Nevertheless, the sample preparation in this procedure is more time consuming and reduces the test throughput. In this paper, a simple and fast method was used to determine tensile strengths of HTSC substrates.
Experimental Procedures
Commercially available E-Cu57 was cut into pieces of approximately 4 × 1 × 0.4 cm and ground from all sides with SiC paper to remove impurities and to improve the sample surface. The Cu ingots were cold rolled to tapes with a thickness of 100 to 250 µm using roller oil (WD 40). The thickness reduction in each step was less than 10%. The cold worked tapes were ultrasonically cleaned with acetone and methanol to remove roller oil. Samples of 9 mm width and 100 mm length were cut from the tape, placed in an alumina crucible and transferred into a tube furnace. The tube furnace was evacuated and then filled with a reducing argon-hydrogen gas mixture (6.5% vol.-% H 2 ). Heating rates of 8 K min -1 and final temperatures of 500 -850°C were chosen. The duration to establish the cubic biaxial texture was 30 -180 min.
Isotan CuNi44 sheets with a thickness of 1 mm were molten at 1450°C for 2 h in vacuum to bars, which were milled on all sides and then ground with SiC paper to remove impurities. The approximately 5 mm thick CuNi44 ingots were cold rolled to a final thickness of 180 µm. Samples with identical dimensions as mentioned for Cu were cut from the resulting tape and annealed at 950 -1200°C for 120 min in reducing atmosphere.
An X`Pert Pro (Panalytical) diffractometer was used for all X-ray measurements employing Ni-filtered Cu Kα radiation. Texture measurements were made with the help of an Eulerian cradle. Vickers hardness measurements were performed on a M1C EMCO-Test instrument with a load of 0.98 N (0.1 kp). Tensile strength measurements were performed on a Messphysik BETA 200-4 (Austria) instrument with a 5 kN load cell following the European norm EN 10002-1. This procedure yielded reliable data in a short period of time. In contrast to former work [3] we accelerate the usage of plane-parallel samples compared to the typical stress / strain sample dimensions. As it can be seen from the drawing in Fig. 1 the layout is rather simple. Cutting of the typical curves at the end of the samples often induces predetermined breaking points and hence reduces the rate of yield.
Sample isolation is a key factor to attain reproducible results in an economical time period. The application of a cheap standard shear ( Fig. 2) provides outstanding results in this field. Required sample dimensions were assigned on the cold rolled tape with a marker from a template. The metal was than placed between two paper sheets to protect the surface and carried in the shear. The mirror enables the identification of the dorsal marks to ensure identical coplanar sample dimensions. Cutting was carried out in one step and this procedure guaranteed smooth and precise edges as it can be seen in Fig. 3 .
The tensile strength test arrangement for thin Cu and CuNi44 substrates is shown in Fig. 3 . Position markers were necessary to follow the length variation with a digital video extensometer. The grips were first aligned and after adjusting the tape closed with a torque of 15 Nm, SiC abrasive paper (220) was placed between the sample tapes and the aluminum bars to improve friction, and to avoid slipping of the sample. The parallel distance between the position markers was 50 mm. All measurements were carried out till the fracture of the samples. 
Results and Discussion
Fig . 4 gives the relative (100) intensities of annealed E-Cu57 substrates. This visualization was chosen to give a brief overview concerning the temperature range in which cubic biaxial textured tapes could be manufactured. A general tendency was observed that higher recrystallization temperatures are less dwell time consuming, to obtain substrates with the required texture qualities. Annealing at 500°C for 180 min resulted in a relative (100) intensity of 0.96. Between 600 and 850°C the relative (100) intensity increased to values of 1. Thermal treatment of cold rolled Cu tapes in a temperature range between 750 -850°C results more or less unavoidable in a cubic texture.
Definition of the relative (100) intensity =
The texture quality was evaluated by pole figure measurements. Fig. 5 shows exemplarily the (111) and (200) pole figures of a Cu substrate (annealed at 900°C for 60 min in a reducing atmosphere). A quadratic presentation of the intensity was chosen to enhance possible low intensity peaks. No other texture components are visible and this verifies the sharp {001} <100> texture of the substrate. Best achieved FWHM values for the y scan of a textured Cu substrate are 5.51° and for the j scan 4.5°. These results are better than those published from other groups [18] who report out-of-plane alignment of 6.6° and in-plane alignment of 5.5°. Texture sharpness of in-house produced Cu tapes is better than for similar compounded Ni substrates [19] . Fig. 6 shows XRD diffraction pattern of annealed CuNi44 substrates. The (200) signals are dominating; while especially at lower temperatures the (111) signals are visible. Pole figure analysis shows a cubic biaxial texture with other low intensity texture components. Our approach was not effective enough to establish a 100% {001} <100> texture in the CuNi44 substrate. Table 1 shows exemplarily the results of 24 stress/ strain experiments on cold rolled Cu substrates. The results for CuNi44 and for annealed copper tapes are not explicitly visualized, but the data will be summarized at the end of this paper. Two different draw rate units (mm min -1 , MPa s -1 ) were used to study the stress strain A quadratic presentation of the intensity was chosen to enhance possible low intensity peaks. behaviour, but no significant changes for the tensile strength and Young's modulus values occurred. The 100 mm long tapes are more representative for the whole Cu coil compared to smaller samples, although shorter samples would show smaller values for the standard deviation. All data were used for the statistical evaluation for arithmetic mean and standard deviation. The in-house produced cold rolled Cu tapes have a tensile strength R m of 413 and a Young's modulus of 98. As pointed out by Clickner et al. [12] , the initial slope (Young's modulus) of the stress-strain characteristics for pure metals is often difficult to define. Comparison with the literature is given in Table 2 .
A graphical presentation of the results for cold worked copper is given in Fig. 7 .
Typical stress/strain diagrams are visualized in Fig. 8 . Cold rolled tapes showed uniformly a higher tensile strength compared to thermally treated Cu and CuNi44 substrates. Isotan (CuNi44) showed not surprisingly a higher mechanical stability than copper for both cold worked and annealed samples. Fig. 9 shows the tensile strengths as a function of initial sample cross section. The resulting values for R m are independent of the initial sample dimensions as predicted by the theory. This underlines our approach on how to configurate sample preparation and measuring procedure, to avoid predetermined breaking points. Analyses of different sample dimensions approved the accuracy of the method. The summary of our results is given in Table 2 
Conclusions
We developed an easy method to determine tensile strengths and Young's modulus of thin cubic biaxial textured metal tapes. Sample preparation of 100-250 µm thick tapes played a key role for satisfactory results.
Copper (E-Cu57) can be successfully transformed to cubic biaxial textured substrates. Vickers hardness measurements (HV 0.1) for the cold worked material yielded values of 135 and for the annealed tape, values of 37. The ultimate tensile yield strength R m of the textured substrate was 150 MPa and thus significantly lower than that for the cold worked material (413 MPa). Cubic biaxial substrates could be manufactured from Isotan CuNi44 (WM49) bars. Vickers hardness measurements (HV 0.1) for the cold worked material yielded values of 236 and for the annealed tape, values of 92. The ultimate tensile yield strength R m of the textured substrate is 300 MPa and thus significantly lower than that for the cold worked material (723 MPa).
